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FOREWORD

This technical note was prepared in the Environmental Criteria Branch,
Environmental Division, Directorate of Engineering Test, Deputy for Test and
Support, under Project 1309, Task 61565. The project engineer on this survey
w.s Mr. Charles E. Thomas of the Environmental Criteria Branch. This tech-
nical note is one of a series prepared from data of programs conducted on opera-
tional aircraft by Environmental Criteria Branch. This aurvey is the result of
flights made from July to November 1956. The information acquired fror this
effort was submitted as raw data to the requesting agency upon completion of the
tests, and is presentedformallyinthis report for the purpose of wider distribution.
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ABSTRACT

'he JRB-52B aircraft was surveyed to determine the vibration environ-
ment existing throughout the vehicle under all flight conditions expected in service.
Approximately 34, 000 data points were obtained from 26 separate locations on the
ve-ucle during 7 test flights, The data obtained were evaluated to determine the
adequacy of vibration test requirements for long range bombcr equipment con-
tained in MIL-E-5272A, The data indicated that the vibration test requirements
of that specification were unsatisfactory tc simulate the actual environment exist-
ing on the JRR-52B aircraft, The revised requirements are contained in Specifi-
cation Nr, MIL-E-5272C dated 13 April 1959,
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SECTION I
INTRODUCTION

There is a deficiency of necessary data available to define the actual
dynamic environment under which the equipmeat in aircraft and space vehicles must
ope-.te, This situation imposes a serious problem in the areas of design, appli-
cation, testing, and use of airborne equipment, In most cases the lack of data has
resulted in either: (1) overdesigning the equipment, levying excessive development
cost, time, specimen size and weight, or (2) underdesigning the equipment to the
extent of placing dependability and service life in jeopardy.

To change the complexion of this existing problem, Environmental Criteria
Branch, Environmental Division, Directorate of Engineering Test, Deputy for
Test and Support, has implemented a compschensive data acquisition program
aimed at obtaining vibration data on all available aircraft and missiles.

Thisis one of a series of reports which presents vibration data measured
on the structure of aircraft and missiles, The primary objective of these reports
is the dissemination of important dynamics data to those concerned with developing
airborne accessories., The data can be used as the basis for preparing design and
testing specifications, for estimating environments on air vehicles in the 'drawing
board" stage, in establishing optimum locations and installation practices, etc. The
data in this report was interpreted only with respect to the specific vehicle (JRB-
52B aircraft) under siudy, and no attempt was made to assimilate this information
with existing data on similar vehicles or to present complete explanations of all the
vibration phenomena involved, It is intended that later reports will be published to
interpret the data and to draw comprehensive conclusions concerning vibration gen-
eration, propagation, structural response, characteristics, and the like. However,
the test instrumentation, procedures, and data reduction metaods are covered in con-

siderable detail in this report,

SECTION II

DESCRIPTION OF THE JRB-52B AIRCRAFT

The JRB-52B stratofortress, built by the Boeing Air :raft Corporation, is
land -based and of the heavy bombardment class designed fo. iong-range flights at
high speed and altitudes. The tactical mission is the destruction of surface objects
by bombs. The aircraft is characterized by swept wing and empennage, Eight Pratt
and Whitney J57 Turbo Wasp engines rated at 9290 rpm at 100% thrust are used to
power the aircraft, These engines are mounted in pairs in four nacelles suspended
below the wing, The engine coniiguration is clean and free from accessories due

to the use of an air-bleed system.




The following specifications are applicable to the JRB-52B aircraft:

Wing span 185 ft,
Fuselage 156 ft, 6 in, (with gun)
Height 48 ft. 3 in, (to top of fin)

The aircraft is in the 400, 000-pound weight class, It utilizes four M-3
50-caliber guns located in the aft section of the fuselage,

SECTION II1

TEST INSTRUMENTATION

The test ingtrumentation comprised the following: (1) sixty MB Type 124
velocity pickups, (2) one Model 501 Davies Latoratory Inc, [4-channel magnetic
tape recorder, and (3) one remotely controlled pickup selector switch, Generally,
the pickups were installed in groups of three and oriented to sense vibration along
each of the three major axes of the aircraft, These pickups were attached to air-
craft structure and engine at 26 points of interest. The locations are shown in
Figure 1, Appendix A. A more detailed description of the instrumentation is con-
tained in this appendix,

SECTION IV

TEST PROCEDURE

A total of 7 test flights was conducted during the survey. Vibration rec-
ords were taken during all of the normal service conditions, such as taxi, ground
runup, takeoff, straight and level flight (at various altitudes, airspeeds, and power
settings), gunfire, turn, descent, landing, and landing roll, Further information
concerning the test procedure is contained in Appendix A,

The reels of recorded data were edited in the laboratory and each sample
(approximately 5 seconds in length) was s,liced into an endless loop. These loops
were then placed on a Model 502 Davies tape playback system, and a narrow band-
width (10 cycles per second) analysis was conducted simultaneously on € of the 12
data channels, The analyzer used is a Model 510 Davies heterodyne type. The
analyzed data were recorded on six modified Brown strip chart recorders in the form
of a continuous spectrum of frequency (cps) vs. transducer voltage (rms), The
data points of interest were then extracted from the strip chart recordings, tabu-
lated, and punched into IBM cards. Corresponding decks of '"Master Cards' which
contain detailed descriptive information concerning pickup locations, flight condi-
tions, and source and order of vibration were also produced, The data, along with
the appropriate descriptive information '""Master Cards, ' were then processed by
means of an ERA 1103A computer, Both the vibratory double amplitude in inches
and acceleration in g units appear in the completed data card. The data cards

were then sorted into the desired order and fed inte an automatic plotter for graphic
reproduction.
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SECTION V
PRESENTATION OF DATA

The plots discussed in this report are summary plots for each structural
zone for all of the flight test conditions. It has veen found in working with other
simii. . vehicles that this type of data presentation is satisfactory for use in eslab-
lishing specification requirements and in estimating vibration environments, How-
ever, in instances where rore detailed analysis of the vibration characteristics is
required, it is possible ‘0 present graphs showing variations of many parameters
affecting vibration cond.tions in the vehicles, For example, graphs can be made
showing variation of vibration as a function of the following parameters: (1) indi-
cated airspeed, (2) altitude, (3) engine RPM, (4) payload, (5) flight condition, (6)
engine or propeller order, etc, Additional plots of this type can be furnished if
required. A more detailed description of data Lundling procedures, data analysis,
and presentation methods is contained in Appendix A,

SECTION VI

RESULTS

During the 7 test flights a total of 34, 167 data points was obtained., As
evidenced by the graphs contained in Appendix A, the data are, for the most part,
characterized as being of the discrete frequency type, The sources of these fre-
quencies are the high-speed rotor and the low-speed rotor of the J-57 twin-spool

engine,

Vibration at frequencies which seem to coincide with those produced by both
the high- and low-speed rotor appears in the data in varying intensity throughout the
entire fuselage, wings, and nacelles. However, closer inspection reveals that these
frequencies are produced by items of rotary equipment located throughout the wing
and fuselage, These items include such pieces of equipment as alternators and
hydraulic power packs, The items produced not only a fundamental frequency which
corresponds to their speed of rotation but also quite often produced frequencies which
correspond to the first and second harmonics of the fundamental, Frequencies (dis-
crete) are encountered in the extreme aft section of the aircraft which cannot be
related to known equipment frequencies, These are assumed to be the localized res-
onant responses of the alrcraft structure upon which the pickups are mounted. Tests
conducted with gunfire indicated negligible effects in the forward three-fourths of

the fuselage.




The test data indicate that the following vibration test envelope would b«
satisfactory for items of equipment to be used at any fuselage location or on the
inner iwo-thirds of the wing on the B-52 aircraft:

510 6 cps 0. 20 inches double amplitude

b to 15 cps 10,40 g's vibratory acceleration
15 to 72 cps 0.036 inches double amplitude
72 to 500 (ps + 10 g's vibratory acceleration

The envelope for the outer one-third of the wing would be as follows.

5to 16 cps 1} 0.50 g's vibratory acceleration
16 to 72 cps 0.036 inches double amplitude
72 to 5306 cps + 10,0 g's vibritory acceleration

SECTION VII

CONCLUSIONS

The vibration data obtained in this survey were utilized in revising Spec-
ification MIL-E-5272C, dated 13 April 1959,

Procedure XII of this specification is adequate for the B-52 aircraft
except in the low frequency range (below 16 cps),

The large-amplitude low-frequency vibration prohibits the use of low-
frequency vibration isolators on equipment on the B-52, The rcsonant frequency
of any isolators used on the B-52 should be in the 15- to 25-cps frequency range
to obtain satisfactory operation and service life,
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engines and structure,

Figure 1,
Nominal sensitivity
Usable frequency range
Temperature range
TABLE ]
PICKUP LOCATIONS
PuIn L.ocation Direction PUID
01 Structure ol Lett Wing Tip Vert 2
02 F/A 33
08 iat
34
04 Structure of Lett Outrigg. r Wheel Wil Yert 15
04 F/A 16
[N Lat
17
0l On Cane of 5 Hydraulin Pack Vert
LL} F/a 38
09 Lat
39
tmn Wing Str cture Trathing kage At of Vert 40
1 #2 Frelt ster Pump FIA 41
12 Lat
42
i3 Forard Edge of }F ad Compressor Vert 43
14 Nedco un #4 Engine Lat 44
15 Acc'sy Seat of #4 Eng. Fwd Right Vert 45
16 Siude Lat
46
17 #4 Engine in Plane of Main Hangars Vert
[} Lat 47
48
19 Pllot's Inst. Panel Top Center - Vert 49
20 Sta, 115 F/A
21 Lat 50
51
22 A/ C Structure at Base of Pilot's Vert 52
i3 Seat - Sta, 180 F/A
24 Lat 53
25 Structure of Radio Equip. Rack Att Vert 54
2n of Pilot - Sta, 302 F/A 9%
27 Lat 56
28 A/C Fuselage Ki, Side Rack Aft - Lat ‘x';
Sta. 316
58
29 A/ C Structure {(Main Longeron) in Fwd Vert 59
30 Rt. Wheas! Well - Sta, 5i8 F/A o
3l Lat
5

Instrumentation

APPENDIX A

MB Manufacturing Co. Type 124 velocity pickups were mounted in clusters
at 26 separate test points to sens2 vikration along each major axis of the aircraft

96.4 mv (rms) per in, per sec,

5 to 2000 cps
-50 to 2500 F

lLocation

Brush Band Section of Kt. Rear
Alternator - Sta, 615

Case of Rt, Rear Alternator Drive
Unit - Sta 637

A/ Fuselage Rt Side - Sta, 705

A/C Fuselage Ht, Stde - Sta, 715

Structure of Forward Rt, End of
Bomb Bay - Sta. 745

Structure ot Aft Rt, End of Romb
Bay - Sta, §58

A/C Fuselage Rt, Side - Sta, 1009
A/C Fuselage ¥t Side - Sta, 1277
On Case of #10 Hydraulic Pack -
Sta. 1574

A/C Structure {Ma:n Longeror)
Below #10 Hydraulic Pack -
Sta, 1540

A/C Fuselage Kt, Side - Sia. 1542
A/C Structure in Aft Sect. Below
Collins Radio Equip. - Sta 1719
A/C Fuselage left Side - Sta, 1818
A/C Structure Above Tail Gunner's

Position; Aft of Jettison Point -
Sta, 1470

The lucations are summarized in Table I and depicted in
The Type 124 velocity pickup has the foilowing characteristics:

Direction

Vert
Lat

Vert
F/A

Vert
F/A

Vert
F/A
Lat

Lat

Vert
F/A
Lat

Vert
F/A
Lat

Vert
F/A
Lat

Lat
Vert

F/A
Lat




Figure 1, Schematic Presentation of Pickup Locations

A typical response curve is shown in Figure 2, The three-position mouni-
ing blocks used to attach the pickups to the vehicle structure have no resonances

below 500 cps,

A Model 501 Davies fourteen-channel magnetic tape recorder was used to
record the output of the vibration pickups, The recorder complete with control box,
shock mount and pickup selector switch was installed in the navigator's compartment
of the aircraft, The 26-to 28-volt DC power required for operating the recorder and
the selector switch was obtained from the aircraft DC systein.
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Figure 2. Frequency Response of M, B, Type 124 Vibration Pickup

‘The recorder was preset for a recording time of five seconds, The Model
501 Davies recorder is an FM type having the following characteristics: (1) FM
carrier frequency of 10 KC, (2) intelligence frequency response of 3 to 2000 cps,
(3) dynamic recording range of 45 db, (4) tape speed of 15 inches per second, (5)
total recording time of approximately eight minutes, (6) weight of 55 lbs., and (7)
overall dimensions including shock mount are 10-1/2 by 11 x 21 inches. The twelve
data-channels have an input impedance in excess of 100,000 ohms, The thirteenth
channel has an input attenuation of ~pproximately 45 to 1 and is designed for direct
connection to the engine-tachometer generator. The fourteenth channel is used to
record the output from an internal 10 KC (crystal controlled) oscillator; this chan-
nel is used during tape playback to control the playback speed by nieans of a servo,
and it is also utilized in the electionic compensation of the tape playback and analy-
sis system. The recorder uses 1-3/4-inch wide magnetic tape in 400- to 600-foot
reels,

2, Test Procedure

A total of 7 test flights was flown during this survey., A summary of the
test conditions experienced is shown in Table II, Thetestplanwas based on require-
ments of interested laboratories of Aeronautical Systems Division and on information
obtained from USAF flight-test pilots. Data were ubtained during all of the normal
operational configurations which the aircraft could be expected to encounter, The
data also include gunnery missions to determine thc effects of vibration produced by
gunfire, Test conditions were also establislied which wruid perinit the evaluation




of variables, such as altitude, indicated airspeed, engine thrust, and the clfects of
using speed brakes, gear and other control surfaces at various airspceds. Prior
toecach{light the test pilot was thoroughly briefed cnthedesired flight-test condilions
and was given the appropriate flight-teet data card, As soon as the desired flight-
test conditions were realized, the output of each of the 60 pickups was recorded in
successive groups of twelve each; this was done by means of a remotely controlled
selector switch, A total of 1152 records was made during the 7 flights, The reels
of rucorded data were returned to the laboratory for analysis.

TABLE I
FLIGHT CONDITIONS FOR THE JRB-52 AIRCRAFT

Flight Attitude %R PM 1AS ALT x 103 EPR % Thrust
Taxi 59 30 00 0.00 060

Ground Runup

With Flaps Extended 100 50 - BO 00 2,12 -~ 2,20 85 -~ 93
Takeoff Roll 100 100 - 140 00 2,12 -2,20 85 - 93
Takeof: 100 100 - 140 00 2,12 - 2,20 85 - 93
Climb 89 - 100 220 - 344 03 - 44 1.90 - 3,00 72 - 100
Cruise Normal 76 - 97 205 - 298 05 - 45 0.00 - 3.00 00 - 98

Cruise With
Speed Brakes,
Gear and/or

Flaps Extended 78 - 95 170 - 235 02 - 40 1,20 - 1.75 10 - 60
Cruise With
Gunfire 88 - 92 228 - 283 30 - 43 2,10 - 2,20 45 - 61

Normal Descent 79 225 34 1.35 10

Normal Descent
With Speed Brakes,
Gear and/or

Flaps Extended 60 - 91 135 - 308 01 - 30 0.00 - 1.80 0- 61

Touchdown 68 - 90 120 - 135 00 00 - 130 0-15

Landing Roll 58 - 60 90 - 135 00 0. 00 000

Drag Chute

Release o8 90 00 0,00 000

Bomb Bay Open 86 - 84 208 - 233 42 - 45 2.26 - 232 55

Cruise

Turulent M 91 - 95 215 - 280 29 - 45 2.45 - 2,80 75 - 85

Turn With 1 g

or Less 44 - #9 227 - 232 4 - 40 1.29 - 2,25 10 - 57
8




3. Data Processing

The ree.s of tape were edited and each five-scecond record wes spliced into
a continuous loop and properly labeled, These records were analyzed by means of
a Madel 510 Davies automatic analyzer which was used in conjunction with a Liavies
Mcdel 502 magnetic tape playback systen,  The complete playback and analysis sys-

tem i3 shown in Figure 3,

Figure 5. Automatic Tape Playback and Analysis System Equipment

The Model 5802 Davie s magnetic tape playback system had been modified to
provide playback at either 15 or 30 inches per second,  The tape playback contains
a servo-control system which permiits playback of tne tape within very close tol-
erances of its original recorded speed. During playback the outputfromall fourteen
tracks is fed back simultaneously into the fourteen FM playback discriminators.
The output signal from cach of the 12 data-channels is8 a 1 to | reproduction of the
original analog signal. An important frature of ihe playback system, i.e., elec-
tronic compensation, should be discussed briefly at thi, point, During the data
recording proress, the input ‘o the 57 tape track (channel) is the voltage from a




very stable, crysial-controlled, reference frequency oscillator contained within the
recorder, During playback a portion of this 10-KC signal is fed into a standard FM
discriminator channel, Assuming there were no wow and tlutter during playback,
the output voltage from this particular discriminator (channel seven) would be zero,
Therefo:e, if any voliage were obtained from this channel during playback, it would
be an'"error" voltage produced by wow and flutter., This ""error' voltage withits phase
shif:1 180° {s fed simultaneously into the output stage of each of the twelve data~
channels. Prior to playback of data, each of the data-channels is adjusted for opti-
mum cancellation (approximately 40 db), Hence, an o:erall dynamic range of 45 db
(recorded through playback) can be maintained consistently. Table LIl contains a
summary of pertinent facts pertaining to the Model 502 Davies magnetic tape play-
back aystem and the Mcdel 510 Davies automatic wave analyzer,

TABLE III

SPECIFICATIONS FOR DAVIES LABORATORIES
MODEL 502 MAGNETIC TAPE PLAYBACK
AND MODF!. 510 AUTOMATIC ANALYZER

Frequency Range 3 cps to 2,000 cps

Frequency Accuracy 0.2 cps from 3 to 40 cps
0.5% from 40 to 2,000 cps

input Voltage Range 1.0 volt or 10 volts rms maximum
(2-position switch)

Amplitude Accuracy 5% of reading or 0.2% of full scale

Selectivity Narrow Range - continuously variable
from 1/2 to 8 cps
Broad Range - continuously variable
from 8 to 45 cps

Scanning Speeds, Speed Range 25:1 - continuously adjustable
Motor Driva Minimum Sweep Time - 15 minutes
Maximum Sweep Time - 6 hrs. and 15 min.
Recorder Speed of Response 2 seconds for 90% full scale
Tape Speed 15 or 30 inches per second
Loop Length Approx, 2-1/2 ft. to at least 75 ft.
Tape Width 1 and 1-3/4 inch

The Model 510 Davies automatic analyzer is a constant-bandwidth, hetero-
dyne analyzer complete with motor-driven, variahle-{iequency oscillator, The
system has vix separate analyzers and carn a'nalyz : six data-channels simultaneously,
Both the oscillator scanning rate and anslyzer bandwidthare adjustable within the
following limits: (i) scan rate range of 0.3 to 2.C ~ps/sec, and (2) bandwidth range
of 1 to 40 cps,

10




The output of the six wave-analyzer-channels 18 fed into six modified Brown
strip-chart-recorders, Continuous spectrum plots of frequency (cps) vs. voltage
(rms) are produced by the strip-chart-recorders, Thechartspeedisservocontrolled
and can be varied from 0, 08 inches per minute to 13,5 inches per minute, The volt-
age is plotted on a logarithmic scale and the time required for full-scale deflection,
i.e., zero to one volt, is approximately two s~conds, A sample analysis of a 100~
cps swuare wave is shown in Figure 4. In selecting the bandwidth to be used in an
analysis of this type, one must consider the following: (1) the frequency resolution
desired, (2) the rate of scan, (3) the length of the data sample, (4) the time avail-
able for data analysis, (5) the quantity of data to be analyzed, (6) the type of data
being analyzed, and (7) the type of presentation of the completed data, Based on a
consideration of these variables, a bandwidth of ten cycles per second was selected
for these analyses,

a - L]

ANALYSIS OF 100 CPS =5

—— ONE VOLT SQUARE WAVE
- BW=10 CPS -

NOTE: THEORETICAL VALUES OF
PEAKS ARE INDICATED

RMS

VOLTS
|

1
L=
-~ R I - -

'uJJ | AM

FREQUENCY CPS
Figure 4. Analysis of 100 cps One Volt Square Wave

Foliowing the har.nonic analysis, the Brown strip~chart-recordings were
edited and voltage peaks of interest were marked, Each of these peaks constitutes
4 data point, The corresponding values of frequency and voltage for each of these
peaks "vere tabulated and subsequently punched into IBM cards. Each data point
was recorded on a separate card, Then, these cards were processed through the
ERA 1103A scientific computer at the rate of ninety cards per minute. Prior to pro-
cessing each set or flight of data cards through the cumziter. a series of three sets

11




of "Master Cards' was prepared and fed into the computer, Thez: sets of '"Master

Coxda" are:

{1) The "Flight Condition Masterz' which contain all of the necessary flight
parameters, i.e,, altitude, indicated airspeed, power, etc., associated with each
of the data cards, The information is obtained from the flight-test data card.

(2) The "Pickup Location Masters' which contain the information required
to identify each data point of each channel and record number with a particular

pickup.

(3) The third set of ""Masters, ' which is known as the ""Source and Order
Masters, " contains sufficient information to identify specific vibration frequencies
with known orders of engine and propeller unbalance and the blade passage frequen-
cies of the propeller or rotor blades, as the case may be,

As the data cards were processed, a new and complete "answer' card having
the following information was produced: (1) the computed values of double amplitude
in inches and acceleration in g units ahd their corresponding natural logarithms;

(2) all of the data on the original data card; (3) all of the appropriate data obtained
from the '"Master' cards, The crder and limits of the information in the final anal-

ysis are shown in Table 1V.

After the computations were completed, all of the data cards were arranged
in the desired sequence by means of an IBM sorter. Then a multi-copy IBM listing
was made of all data, These listings were used in dctail studies of the data and in

checking the accuracy of the completed graphs,

Automatic plotters utilizing IBM card input were used to plot the graphs of
frequency in cycles per second vs, vibratory double amplitude in inches, The plot-
ting rate ranged from 30 to 60 points per minute, Three types of graphs were pre-

pared:
(1) summary (all test conditions on all flights) plots for each vibration

pickup;
(2) summary plots for each cluster (2 or 3) of pickups;
(3) summary plots {or each structural zone,

Each of the three graph types included all of the data obtained on the seven
test flights, No plots were made to indicate the effects of such variables as power,
altitude, indicated airspeed, etc, Plots of this type can be obtained upon request,

The Type 1 graphs permit a detail study of the vibration characteristics
along a single axis at a particular location in the test vehicle, The Type 2 graphs
prescnt the cverall vibration-environment measured under all test condtions at
each of the 26 test points; generally, these include all data uhtzined from the 2 to 3

pickups in each cluster,
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TABLE IV

SUMMAP.Y OF INFORMATION ON IBM CARDS

Card Column R_’"!&'l Cnegorz

1-2 0-99 Pickup Location

3 -4 -3 Day

5=-6 1-12 Month

7.8 1 -24 Time

9 - 10 1«12 Channel Number

I -12 0 -9y Recourd Nusnber

13 - 1¢ 0 - 2000 Frequency in cps

17 - 20 0 -.9999 Voltage
21 - 23 0 - 285 Engine Speed
24 - 26 0 - 999 1AS in Knots
27 - 28 0 - 60 Altitude in 1000 feet

29 - 30 1-12 Source

3t - 32 0 - 24 Qider
33 - 34 1 -63 Flight Condition

35 - 36 N. A, Blank

37 - 41 0 -.7999 Double Amplitude in Inches
42 - 45 0-19.99 Acceleration in g
46 - 50 N, A, l.og of Frequency

51 - 55 N, A, Log of Double Amplitude
56 - 60 N, A, Loog of Acceleration
61 « 62 0 - 45 Aircraft 1.2, Number
63 - 65 0 - 100 Man, Pres, -- in. Hg
Power, Lever Angle in Degrees
66 - 68 0=~ 150 Percent of Rated H, P,
Percent of Rated Thrust

69 - 70 1-27 Structural Zone

71 - 80 N, A, Blank

Where the overall vibration-environment for a generalized structural zone,
e.g. forward quarter of the fuselage, is desired, the Type 3 graphs are the most
useful, The structure of the test vehicle has been arbitrarily divided into 9 major
areas, Each of these major areas has been further subdivided into the following
three categories: (1) vehicle structure, (2) rigidly mounted equipment, and (3)
shockmounted equipment, A complete listing of these ''structural zones' is con-
tained in Table V, Figure 5 presents a typicai basic distribution of seven aircraft
structiural zones,
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TABLE V

CODE FOR STRUCTURAL ZONE OF A/C
Structural Zone

Forward Quarter of Fuselage
Center Half of Fuselage
Aft Quarter of Fuselage
Vert. & Horiz. Stab Iacl, Rudder & Elevators
Cuter one-third of Wing
Inner two-thirds of V'ing
Engine
igidly Mountea Equipment in Forward Quarter of Fuselage
Rigidly Mounted Equipment in Center Half of Fuselage
Rigidly Mounted Equipment in Aft Quarter of Fuselage

Rigidly Mounted Equipment in Vert. k Horiz. Stab.
Incl. Rudder & Elevators

Rigidly Mounted Equipment in Outer one-third of Wing
Rigidly Mounted Equipment in Inner two-thirds of Wing
Rigidly Mounted Equipment in Engine

Shock Mounted Equipment in Forward Quarter of Fuselage
Shock Mounted Equipment in Center Half of Fuselage
Shock Mounted Equipment i1 At Quarter of Fuselage

Shock Mounted Equipment in Vert. & Horiz Stab,
Incl. Rudder &k Elevators

Shock Mounted Equipment in Outer one-third of Wing
Shock Mounted Equipment in Inner two-thirds of Wing
Shock Mounted Equipment in Engine

Engine Accessory Section

Main Rotor Transmission Case

Rigidly Mounted on Engine Accassory Section

Rigidly Mounted on Main Rotor Tranemission Case
Shock Mountea cx kngine Accessory Section

Shock Mounted on Main Rotor Tranamissior Casc
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Figure 5.

All graphs are log-log (3 x 5 cycle) plots of frequency vs. vibratory double
amplitude, As indicated previously, the log of frequency, double amplitude, and
acceleration were computed during the computation phase of data reduction, This
is required to permit the preparation of automatic plots of frequency vs, double
amplitude on a log-log scuie. The standard automatic plotters available can not
accept linear input and then plot on a log scale, Therefore, by using proper scale
factors, the logarithm of the variables to be plotted can be applied to any stradard
plotter input and the resultant graphs will be log-log plots of the original c: ta, On
the log-log plots of the frequency vs. double amplitude, levels of vibratory acceler-
ation appear as straight lines of cons‘ant slope, Reference values of +0.5, 11,0,
15 and +10 have been included on all graphs, This arrangement permits simultan-
eous readings of double amplitude and accecleratior at any given frequency. A more
detailed description of the data reduction processes used to reduce the vibration
data is contained in WADC TN 59-44, ASTIA Document No. AD-210478, dated Feb-
ruary 1959, and entitled "Data Reduction Techniqucs for Flight Vibration Measure-

ment, "




4, Results

A total of 1152 records and 34, 167 data points was obtained on the 7 test
flights, In general, the data covered the 5-to 600-cps frequency range rather thor-
oughly, The discussion of the data contained in this report is limited to a consider-
ation of the aircraft by structural zones, Ilowever, graphs are included for each of
the 2. Jdifferent tet points, The use of the structural zone breakdown is sufficient
for fulfilling the purpos~ for which this report was intended.

As indicated in the section of this report which describes the method of data
prescntation, the structure of the aircraft has been divided into 9 zones. These in
turn have been subdiiided into three categories: (1) structure, (2) rigidly mounted
equipment, (3) shockmounted equipment, With three exceptions all structural zone
plots in this report are for data obtained on the aircraftl structure,

Figare 6 shows the data obtained on the structure of the forward quarter of
the fuselage (from Sta 0 to 469), Thedata covers the 5-to 600-cps range rather thor-
oughly. The peaks whichoccur in the lowfrequency range {from 5 to 10 cps) are pri-
marily a result ofturbulentair and aerodynamic buffeting, The scattered data points
between 10 and 100 cps are very low in vibratory double amplitude (with all values
below 0,5 g). Atthe 100-to 110-cps frequency range, there is a peak condition show-
inr; the frequency range (6, 100 rpm) of the low-speed rotor of the twin spool J-57
engine, The data occurring in the 140-to 150-cps frequency range is due to the high-
speed rotor, The 300-to 310-cps frequency range shows the second harmonic and
450 is the third harmonic of the high-speed rotor frequency. The concentration of
data in the vicinity of 300 cps could be attributed to harmonics of both the high- and
low-speed rotors, However, past experience has indicated that the most probable
source is the high-speed rotor., The limited scatter of points throughout the 100-to
600~cps frequency range is due to the different power settings, most of which occur
between 90 and 95% rpm, The gunfire produced no appreciable double amplitudes in
this area, There were 1,650 data points obtained in the forward qua=ter of the fuse-

lage,

Figure 7 shows the vibratory p.cture of the data obtained on the structure of
the center half of the ‘uselage (Sta 469 t» 1408). The lower frequency data are a
result of takeoff, turbulent air, and toucndown, The scattered points up to 100 cps
are caused by the flight conditions shown in Table II, The higher double amplitudes
in this region are caused by takeoff, turbulent air, and touchdown, The peaks occur-
ring at approximately 100, 150, 200, 300, 400, 450, 500, and 600 cps are the funda=-
mental rotor frequenries and their respective harmonics, Gunfire produced a slight
increase in amplitude in this area, The center half of the fuselage yielded approx-
imately 4,800 data points,

Figure 8 exhibits the data recorded on the structure of the aft quarter of
the fuselage (Sta 1408 to 1878), The aft section of the fuselage shows clearly the
frequencies produced by gunfire (30 to 40 cps and 60 to 70 cps). However, the bulk
of the data included in the 60 to 70 cps cluster can be att.ibu*ed to the fundamental
frequency of the hydraulic power pack, The low freguencies are dus to aerodynamic
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turbulence, takcoff, and touchdown., The engine orders occur at the same frequen-

cies as at other stations in the fuselage but are more pronounced, especially the

first order of the high speed rotur (150 cps). The g level reaches the ¥ 8 mark,

Apvroximately 6,400 data points werc obtained in this area,

The data of the outcr one-third of the wing, as depicted in Figure 9, show
However, the peaks that are produced by the
As expected, the low frequency data,
Approximately 5,250data points

a rather even distribution of points,
hydraulic power pack's unbalance are present,
in general, have higher vibratory double amplitude,
were acquired on the outer one-third of the wing.,

Figure 10 shows the data obtained onthe inner two-thirds of the wing struc-

The number of data points is considerably less (1,500) than the data obtained

ture,
The data is low in vibratory double

on the outer one-third of the wing structure,.
amplitude in the lower frequencies, below 107 cps;.but the higher frequeacies (100
to 600 cps) approach the ! 10-g level, The engine orders are faintly outlined in this

areca, especially the high-speed rotor trequencies,

The data of the engine area, presented in Figure 11, show clearly the
engine order frequencies, The lower frequencies are due to takecoff, turbulent air,
and touchdown, There is a void from 20 to 30 cps. Prior to the engine order fre-
quencies, there is a number of data points in the 60- to 70-cps region; these data
were obtained during climb, turbulent air, takeoff, and touchdown, The engine
orders are present; however, the vibratory amplitude is cunsiderably lower than
that produced by data recorded in other areas of the aircraft, There were 4, 950

data points obtained in the enyine area.

Vibration data measured on rigidly mounted equipment located in the cen-
ter half of the fuseiage are shown in Figure 12, These data are very distinctly con-
fined to the frequencies of gunfire (32 to 38 cps and 60 to 70 cps) and the engine
order frequencies of the high- and low-speed rotors, There are 3,450 data points

in this region,

Vibration data of rigidly mounted equipment in the aft quarter ofthe fuselage

are shown in Figure 13, The frequencies arec very discrete showing the frequencies
due to gunfire (30 to 40 cps), hydraulic power packs (60 to 70 cps), and the twin
spool J-57 engines with the exception of the low-speed rotor frequency of 100 cps,

There are 2,450 data points recorded on the equipment in this area,

Figure 14 shows the vibration data acquired from the shockmounted equip-
ment located in the forward quarter of the fuselage, The relative sparseness of the
data is indicated by the presence of only 400 data points, The double amplitude of the
gunfire and engine order frequencies are very low. The scattered data at the low
frequencies are due to turbulence, takeoff, and touchdown,

17




. (]
FRECUENCY ~ CPS

...... 1T Il Lid Ty H H
y I 11300l AT
P t H A e = .
M Fo T e s S et i
Y ¥ = - i) i =~
AT B I s 0 L
* B & o i
P = LN 3 5 T .._.1 T =1
T T TE i T
D EETHYT R TR i 48 2
il w g g il | f AR T L= iy DR
R A e o
- SEAE TP mEE T e ke
g 3 = — e e
< ™ Tl
| ¥ . ? D1 305 24 S
| a9 g gy 1 e o
ORI ¢ B 4 - Tk T S0 A I 35 2 5 S
S % ST IR o
@ & e e e S
5 s L. 7o £ o s 2 s 1071 £ 1.
R T R e et 133 1 1 B
b EETIE- toEr R ol T T E R ﬂumﬁn.
R vos L e e - W e SENEE LSRR

SFINI - IO,V 378N00 WIN - 0N 38000
% L

LOCATION. OUTER ONE-THIRD OF WING

Fisure 9.

_ :.r.¢+ !+E_.| AN

L S T S aFTR ata s

FREQUENCY - CPS

Lk ATIUN FORWARD QUARTER OF FUSELAGE

Figure 6,

SIHIN' - 30rs. ey 37aNCa

2 '
FREQUEN.Y - GPS

e ATON AFT QUARTER OF FUSEL aGuf

Figure 8,

Summary Plots for Structural Zones

Figures 6 to 9,

18




]
TR T
vartfuerg o o
INGINE

LOCATION

1 [
FREQUENCY - CPS

5
LI
0 1
FRFQUFNCY - CPS

= il o RIS T
i ¥ i .Elumu.._. ::..L.ﬂ T :..m n

P 18T 151 1 S S 5

- R 1 e e —

R i v
R kg L AT Erdote b
=i s - I Eh £ 4 e Fare — "._._-l_ = WB sl -2 13 T i:..wl_._. T;s T omer 2 . lil &l
B2 il F Cadl SRS USRS R A e i es IO R S R e o5 s oty

SIHOMI - 3ANLNaMY  318N0Q SN - FOL T 3EN00

#0504 5 0 1 518 o MUEANG | 10 <8 IAMRAL LI RAERRYY”, £ . B

- = o e T i
= .._..H.u.u.-..ul..l...“ ”. = e e ..Iul
078 B L o .t i - F

A : il

a8 Hii]
N0 (il
1 e . - A e
1 B 0 L M
LS WS (R = ghen SR

1
T
t
i

LOCATION INNER TWO THIRDS OF WING

FREQUENCY - CPS
FREQUENCY ~ CPS

-] TRL] o ¥
i ¥ = F vl i
i EHA 1 . 1 Wit HH i
i ;RO 11T S0 5 R 28
7 B —ET = TmEe s Toic oo

S L
s Sile e - e S o = =0
Ly ST S SRS Bt B A 14 125 L0 i (R : 1
TR TR P i 2

SIHONI - 30NL MY 38N0Q SIMONI - 30NLIY  378N00

~MOUNTED EQUIPMENT IN AFT
QUARTER OF FUSELAGE

LOCATION RIGIDLY

Figure 13,

Summary Plots for Structural Zones
19

HALF OF FusLAGE

LOCATION RIGIDLY - MOUNTED EQUIPMEINT IN CENTER
Figures 10 to 13.

Figure 12,




-
i _'|
|'i T_—'l'
y Il
} el
v
|
g
[
14

Figure 14,
Figure 14.
g Ao v
e

FREQUENCY  GFS

THRECTION - VERTILAL | = b/A ;2

'Sy,
Figures 15 to 106,

Figus

LA

||!
wt

i
i
i

LabeRAL
L6 ATION STRUCTURE OF LEFT WING TP

Surnmary Plots for Clusters of Two or

= 31 1 3 g

T I

...H_

4

S S ! (I T |
i
:

" . o
FREQUEMCY - CPS

ON SHOCK -MOUNTLD EQUIPMENT N FORWARD QUARTLR

OF FUSEL AGL

Sumimary Plot for Structural Zone

Al
. i
e
PEEEE S
S %
N
't sk \
. Y
SR i
P
Fihy t
’ pao vy
s [ w
a ] “h
> ,gl &, L
el e
» Ti' :
1. .
B i :'i
Q 1 v

} C | pillae B
RN e 1 £
Sl T TR T
] Gl [ e 11 I| I [N
chidh | | ]
| | Eh
A bt Y1
' R Y X
FOIOUENCY - GPS
O ——— N VERTICAL, vF/A; 3 LATERAL
DOUTEC Ll (Goanon STRUCTURE OF LEFT OUTRIGGER WHEEL WELL

Three Pickups

20




FREQUENCY PS5

FREQUENCY LPS

oF/A NLATERAL

o LOCATION WING STRUCTURE (TRAILING EDGE) AFT OF ®2

DIECTION - VERTICAL ;

ure |8

e F/A; R LATERAL Fii_’

LOCATION ON CASE OF ®5 MYORAWIC PACK

OIRECTION VERTICAL ;

Fipure 17,

VUEL DOOSTER PumMp

FREQUENCY CPS

~
FREQUENCY 0PS

SEWTICAL , S LATERAL

L .o ACC'Y SECTION OF %4 ENGINE FORWARD RIGHT SIOE

Figure 20, 1

LOCATION FORWARD EuuE OF FORWARD COMPRESSOR
SECYION ON ¥4 ENINE

DIRECTION =VERTICAL , o F/A| £ LATERAL

1.

Figure

Figures 17 to 20.

Summary Plots for Clusters of Two or Three Pickups

21




300

|

100

)
FREQUENCY - CPS
2 DHECTION -VERTICAL; *F/A; SLATERAL
Figure 22, Y0000 saors wiTvkent mneL Tor centen STA. s

5853 53
== iy
l.l
: ol
- b T
T T — ; i i
=, - g e m.,,”..ﬁ.w..,,..ﬁ..,.._.ﬁ..”..w_.,.,. M- HHH—
SN - I N0
= 4
*
T
=L
2
-l
= 1

i
.
iy
Ll
FREQUENCY - CPS

- —
e +
= = 18 B AN T W R B
- 18 ) - L] 18k - I- 3
Bk 31 B L. Anei s R =
£ Y |W : T B |
| == = T T gt S5

OF MAIN MANGARS

LOCATION WUMBER 4 ENGINL N PLANEL

DMRECTION « VERTICAL, OLATLRAL

FREQUENCY - CPS

r
-
<
g
-
x
i

i3

=™

e

-8

- X

-

-

<s

3t

i

5%

Iz

3%

1R

«

~N

T
=
p]
o0
=
Iy

LOCATION A/C STRUCTURE AT BASE OF PLOT'S SEAT

OIRECTION -VERTICAL ;oFA s LATVERAL

0OF PILOT STA 302

lusters of Two or rhree Pickups

STA.180

Summary Plots for C

22

P —— 3=

R T T L T et el E o O T

= T ao.Ct= ——

Figure 21
1
|

SIHINI - JQNL: T 3T8NOC % BTN - FOML G 30000

Figures 21 to 24.

Figure 23.




DOUBLE APy ITUDE - "NCHES

Figure 25

DB | AAP [TUDE - iRCHES

Figure 27,

e | II i H s e
N iqliin TR
L - i bl i sb 11 by Ll
t. ' i ! . 1 | 17
Y : ¢ T L
i :ﬁ:* T N y § | i : i
FTHH- AN ¢ Ik
ri_ Il 1 ._..I. 4 i ir :I” : A5 ! .
i 80 E3 ok N g ' {1hy
MEHR(IE gk Fﬁ i IE1 I
F: i + Ll ikl u U, | ;
E-.F"_":H R = — rl-: i ‘5;- fod i1 : i
i i p i 1Y
1 Hi | N e i X i Il wtH 1 F d
el B3 1) 181 =i bl el £ ks BRI

; Sl 8]
FREQUENCY - 2PS
OIRECTION - VERTICAL ,® F/A (8 LATERAL

wELL STA 548

f !:' . FER 1

=
.t

® LOCATION A/C STRUCTURE, (MAIN LONGENON | IN FORWARD NT WHEEL

Figure 2

] HE
FREQUENCY - CPY
f,, DRECTION -VENTICAL, SLATERAL

® LOCATION BRUSH BAND SECTION OF RIGMT REAR ALTERNATOR

STA .68

mEo

iih:'.u

ik ik

e

g
r -
gt b

B H—.—:- -I--—I

-

b1 oo |

¥ -

DOUBLE AMPLITUDE - INCHES

HEET
]

JI 1-: ..... t—

el

s i
FREQUENCY - LPS

DHECTION - VERTICAL , o7, "LATERAL
(AN CASE OF MGHY REAR ALTERNATOR DRIVE Wp«T

STA 637

Figures 25 to 28,

£ [
FREQUENCY - CPS

DRFCTH «  viRTICH , «FA, sLATERAL
1% 0N STRUCTURE OF FORWARD RIGHT END OF BOMB BAY
STA.7T88

Summary I ‘ots for Clusters of Two or Three Pickups

Figure 28,

23




sLATERAL

LOCATION ON CASE OF MO MYDRAULIC PACK STA 1573

oM

.
FREQUENCY - CPS

MIRECTUN S USTICAL , oF /A, s ATERAL

DIRECTION - VERTICAL;

SIHON - 3T L Tgmw 3TENCA

Figure 30,

SIONI - 30TL TeMw 3TENCG

mrrerw - -
, ———— = s gl
Eas L e TSR il !
o i
LI S s -
Heaee S et s N
— s

llll cis H,H'H‘wuh\\l.nuivn ..uﬁ

.
FREQUENCY - CPS
DIRECTION VERTICAL, »F/A; NLATERAL

LOCATION STRUCTURE OF AFT RIGHT ENO OF BOMS BAY

OIRECTION VERTICAL ; oF/A; aLATERAL

£
b hrugth et ; &
R e - e Crig —— ey s 1 <
Tana.. uﬁwr-..ﬁmllﬁlll Ml e i e
i m'd:n,n'.\ = - e e 7 -«
£ = £ g = e el A Yoty TH = S -
L R Ca o I £ a¥Lc
AT e - — Ty -3
< M I - E L3 -
W.hy..n.ull e S |
Bl k=T Sest S - e
: - = : B
S 3 e £ STt I W | e o b Renuem b= o 0
e — o T e - e o
=i o e = O S ~N
z g e R B T,
R i e e e v
H e N L2
Fa = B s o g
SR D D B R 1 2] Mﬂjn .uuub
: e SIONI - 307. TdwY 378700
y

SIHCN - 3T LT AV 3767 2D

RADIO EQUIPMENT STA 1719

Summa.y Plots for Clusters of Two or Three Fickups

tTALoN A/C STRUCTURL N AFT SECTION BELOW COLLINS

L% Fig\l re 32.
24

A/C STRUCTURE (WA LONGERON) BELOW
HYDRAULIC PACK STA 154C
Figures 29 to 32.

LOCATION

Figure 31,




FREQUENCY - CPS

OMECTION VEMTICAL ) P/A; sLATERAL .
o LOCATION A/ZC STRUCTURE ANOVE TAL GUMNER'S POSITION,

SN - oML Ty THRN00

i

T
" v
FH

LOCATION STRUCTURE OF LEFT WING TIP

MRECTION  B/A

i 3
TETQUENCY - CFS

.IEI.l“

BN S0 T R o LA S L ME T A

= iyt

Figure 55,
Summary Plots for Individual Vibration Pickups

SN0 - 30000 Ty 3UEC0T

AFT OF JETTiSON POINT STA. 1870
25

Summary Plot for Cluster ot Two or Three Pickups

OF LEFT witn TP

Figure 33

DIKECTION VERTICAL
1OCATION  STRUCTURE

33.

FREQUENCY - CPS

Figure

Ty

Figures 34 to 35.

Figure 34,

SINON - 30711amy




N R e e

: ,_EI-Z-‘ i

[:OUBLE AMPLITUDE - INCHES
OUBLE MPLTTUDE - ieCHE S

1
SR A R Lkl
R d 1 E

B o ir

=

i | | B 4 iald.l

el itk T TEREE o
| R ot 1FFHII!H.-- e
: “pifent } - e = s

N bl _ EELK B AR N I'::Z'._'_'I.'I.

IS
=

[ ai . 0 E ) Cor
FREQUENCY - CPS FREQUENCY - CPS

3 DRECTION L ATERAL T 2 DINECTION VERTICAL
Figure 36. Ao smocronr of cerrwims e FAIBUTE 370 [0ii0) sraucTuse OF LEFT OUTAIGOEN whEEL WELL

L4l
A
I

)

DOUBLE AMFLITURE - INCHES

DOUBLE AMPL ITUDE - INCHES

e
I 5 ri--;-l' —

P s e s e
I I T
i : t

At AR
L

P
.

deadd el Al
a4 i
— "‘_‘;"_..
(B 135

1

I-
|
|
|

ALY i ! : |
“ = . LT T ey

S 1
FREQUENCY - CPS fRfOUE‘NCV -CPS
: DIRECTION F/A hml(lv(w LAIE R
Figure 38, TCation STRUCTURE oF LEFT OUTRIGGER WHEEL WELL Figure 39, oM STRUCTURE OF LEFT OUTRIGGER WHEEL WELL

Figures 36 to 39, Summury Fiots for Ind1v1dua1 Vibration Pickups

26




L]

B SNl 12853 DI 8 2 ) R O

e e e i £ e TP T : — ]

a0

FREQUENCY - CPS

ol LTI T AR

AFY OF 02

11CAL

WING STRUCTURE (TRAILING EOGE}

FUEL BOOSTER PUMP

FREQUENCY - CPS

i

Sess = S DGR | {1 T 5wt P

s P ] S S

= .”..” q”m .." n . ..—U__. e HE.T:.L_. -

SNONT - 30N 19N 378100

Figure 41,

O CTION  VERTICAL
LOCATION DN CASF

oF @3 HYDRAULIC PACK

Figure 40,

fLATICH ON CASE OF 9 AriRswic
£
o i
H
11
I1‘|-| -+
N
-4
15
1

H" v H A qH ".__..: HASER) 115 a2 s SIS

SIHONI - 300.iTaY  3TEN0D

FREQUENCY (.PS

DIRECTION v W

ot or ®s wvomauic mor F igUTE 43, U

ngures 40 to 43,

OIRECTION LAYERAL

LOCATION Oy

Figure 42,

Summary Plots for Individual Vibration Pickups

27




'y
a
- Q
'
>
Q
x

-

- . =
e o5 =
i A, e
b >
ekl = S o el
e ek a S o — T = i P
2 8 o e . &
=T~ = I T o S < e L
PR e e LR - “““\ﬂv‘iﬂ.\ ‘,.|'..l-,|uw o ol it iz
TR - — v M 2 = s e
e o e T el | p..ﬂNﬁo_ il NS B AR 4 =
i TS i St SIS-3 DR, 0 3
— i3 S e PP TR - Slekrt 5
B R G
|.._M!h.1..u.._..h. ]H“‘I\v\l ————— = -a= il e de
..I\U_-.l.k. WL\I\.‘» =k g e cx = B
fhmrr i sz ormecc pog 4 cocope okl -
- —_ —_—————— l..?14|vl1.l<|||.. .

4

FUFL  ROOSTFR PUMP

LOLATION WING STRUCTURE (TRANLING EDGE} AFT OF #2

DIMECTION | ATERA

a0 .
FREQUENCY - CPS
DIRECTION  LATERAL

v Figure 45,

" .
FREQUENRCY  (PS
Die i VERVICAL

LOCAT ON WiNG STRUCTURE (TRAILING EDGE) AFT OF

a
3
-4
[ 4
-
5
g
o
¥z
SF2
z
5
X
[~}

511 5 o M S Ve s PSRG0T Ea
a1 30 S e By g | 6 st @i un s ru v emoes

Figure 44,

EF TR T B |

SECTION ON 4 ENGINE

s ON D UNMARD  EDGE OF FORWARL COMPRESSOR

Figure 47,

FORWARD COMPRESSOR

oF
%l ENGINE

SECTION ON
Figures 44 to 47.

LOCATION  FORWARD  £Df

Figure 46,

Summasy Plots for Individual Vibration Pickups

28




FRIQUENCY 7PS

DIRECTION LATERAL

FREQUENCY CPS

DRt HoN VERTICAL

T - WL e 37800

LK ATION  ACC'Y SECTION OF ®4 ENGINE FORWLAD RIGNT SDE

Figure 49,

LOLAYION  ACC'Y SECTION OF %4 ENGINE FORWARD RIGMT SDE

: 48,

Figu:

i s - A Bal a8 S mualt: . LMD 97 MBI

e
= —t

. ...I 2
1 ¥

500 - 30NL1TaNY 378000

v
~{PS

fREQUENCY

PHEUWUE NG Y - LIPS

tiear.un ¥q ENGING IN PLANE OF MAIN PANGAR

e TON LATERAL

Figure 51,

LOCATION ®4 ENGINE IN PLANE OF MAIN HANGAR

it LTION VERTIZAL

Figure 50,

Summary Mlots tur Individual Vibration Pickups

Figures 48 to 51.

29




T REmmT s -,
i T

i

DOUBLE AMPLITUDE - INCHES

1o

-
[y 2E30

% W
FREQUENCY - CPS

Figllre 52. OWECTION VERTICAL

LOCATION PHOTS INSTRUMENT PANEL TOP CENTER STA .S

: H

I. ‘h

f

EUER:

i..i-m.

Ay

!
N
\

ik j _-i;
:é¢T§}51f

*ﬁmgxgﬁf
: RN

L
TR RFIIHD
i 0 7 i
e

Fignre

f
. T
]

FREQUFNCY - CF‘S

54 D "ot L ATERAL
OCATION. P DTS NSTRIMENT

Figures 52 to 55,

|
I Y R
Fal g P it
1'. TR
|

#f
i

b

—

HIE O
B o = LS T o e e

Ldad Lt

PANEL TOP CENTER STA 1S

- INCHES

DoudLE bl | TLDF
= = g

et

1= .-f|.

Figure 53

i -
e
14

TS = A

s

-+ ORETE AT P

il = W0 2o
FREQUENCY - CPS

DIRECTION PR

®  LOCATION MLOT'S INSTRUMENT PANEL TOP CENTER STA.IIS

iS5
-

DO L Al DT - RCHES
+-If—H H

= sgmires i
s

Frene

i

H "
L
il
1
i
. i R
: i —
: a2 u s ¥ S
+—HH —— -
i ihLD idii, -

B hik : j e

Figure

—H R
1 "

-

[~
A

o

] bl A
FHiE 4R R

liee: = TN Y
i ”‘lI !..?.4_._”. 1 i 8 L

gl

R R S R o S R
a

FREOUENCV cPs

N VERTICAL
+ AT STRUCTURE AT BASE OF PROT'S SEAT

STA 180

Summary Dlots tor Individual Vibration Pickups

30




8§71 180

CATERAL
T A/C STRUCTURE AT BASE OF PILOT'S SEAT

FREQUENCY - CPS

Figure 57/,

SIHONI -

x\\«v“

STA 180

s T

FREGUINCY - (PS
N F/A

. luﬁ[n X | \N -

&5 % A/C STRUCTURE AT BASE OF PILOT'S SEAT

oot

DRE OF RADIO FOUIPMENT RACK AF?

OF PILOY STA 302

FREQUENCY - CPS
. STRCY

B T S ——

DORITIE IO

toh FA

e i gt e

oy v -

»
Je

¢

ure

1]
)

Fig

307wy

Surmmary Plots tor Individual Vibration Pickups
31

OF WADIO EQUIPMENT RACK AFT

e e e e e e e

IO D MUEAD U U

56,

T e a vty e -

Fignre

- 3074 dww 378nCA

SION - FON L

3141! B c4|.!4|14. -

0F PLOT STA 302

FREQUENCY CPS
Tin VERTICAL
a8l N STRUCTURE

[t

Figures 56 to 59.

Figure 58,




% A/C FUSELAGE RH@T SIDF 5;a 3.6

[h]

£

3 (g

Cd el e i 3

- & CXSRE Dl _afipizemye ool =

S e e el e e e 2 g e

z 5 oS

z £

S5 z

[} e

- & =

a5 3
e ¥
e =

Figure 61,

SI=DN - DT Tamw 278770 Q

-
-
. = ]
g s - . = 3
L
PR <
TTH I B ROl P e ) =
s ey & SE000 [ e [
— = -~ s -
. - - - -l . - E M
= 3
I oo o = — e H
s » < - = EAEee 3
i 2 o o
——— -- - - LR o aea
. -
e m il e — e e Lo - - P LR o = v lm
< 2 §
g SIS P
3 Nv. L
» L R
$.5. ]
-
TE o z
e 28 Cw
$<- . =
T ea e
i .
= Es
=
d -
fan) =0
= o
- —_
o ==
= ot
—- P
. 0
Cqmr 37T CeN 3 BT s o
B2 SIMON - 377, T9A FTRTNG

WELL STA 348

. Summary Plots for Individuai Vibration Pickups

. A
¢ A0 0N AZC STRUCTURE, (MAIN LONGERCN ) 'N FORWARD RT WHEEL

Lm0 1

Figure 63

32

wELL S TA 548

inGLhion AZC STRUCTURE , (MAIN LONGERON) IN FORWARD RT. WHEEL
Figures 60 to 63

it Non VERTICAL

Figure 62,




I
UL

g
N
?
5
!
|
'

| 4

4
LE] |
| |

y. w

¥ . =k 3
BT e TR S o,

[ RSET ] H TR T %
ERS aN T L I

e R
o
B - = . -
SoiE benln S one B LOPERY

2 TR e
N — - - —

S B

& s >

= i FORT o i T

o b 8 —
s e T A e - =
mﬁ..'de\l o nes = s SO o o =] T S o)
S L LT N D St o oo R

- s o - —— - — D
s T BIPE
PR B> 0 S e

FREDIIFNCY - rPS

nkt Tk YERTICAL

Figure 65,

ATGN BAUSH BAND SECTION OF RIGHT REAR ALTERNATOR

" AZC STRUCTURE L MAIN L ONGE RON | (N FOURWARD AT WHEEL

o

-

(=3

z

2

s 3

e
-

=

Figure v4,

ST1A 615

wEIL STA 540

F _ T Er.r P

ey ¢ ' ] T
phl S St R i e e RO 2 ey
s o i 8 sl ]

R L3 R e
ot - .|

SN - 0N ae TANCD

FREQUENCY - CPS

OMECTION LATENAL

- CPS

FREQUENCY

VERTKCAL
© CANON LASE e RIGHT REAR ALTEINATOR DRIVE UNIT

RIS

Figure 67,

LOCATION SRUSH BAWD SECTION OF RIGHT REAR ALTEANATOR

Figure 60,

STA 63?7

STA 615

Figures 64 to 67.

Suinmary Plots for Individual Vibration Fickups

33




2148 o B S8 .ﬁmh._l : i .L

— e e

R i e e e

M s e T i i

S3I=ON - IC L Taww 3IT8NCT

..:.z,-.”.
R Y T T el
e L R I e e A -

FREQUENCY - CPS

FREQUENCY - (PS

fon #/a
=&lon CASE OF RIGHT REAR ALTERNATOR ORIVE

T

OF RIGHT REAR ALIERNATOR DRIVE

STA 637

5
-<
=
=
=
33
3
z
T3
£ -

Figure &9,

uNIT

Fipure 68,

FREQUENCY - (PS

3 ]
FREQUENCY - CPS

=% ShL AR [ PR L = |

RIGHT SIDE STA 718

Vibretivn Pickups

ML TION LATERAL
L ATON - R/C FUSELAGE,

Figure 71,

LOLATON AKX FUSELAGE , RIGHY SIDE 5TA 709

DIRECTION LATERAL,

Figure 70,

Summary Plots for Individual

Figures 68 to 71.

34




SN

- 3270 TeNv 379070

SR

ITTL Tomw 278°0Q

!WUU* NCY - CPS

Y BN

AT % STRUCTURF OF FORWARD RiGHT ¢ND OF

FREQUENCY  (PS

BOMS BAY

tREQUENCY - CPS

STA 7TRA

‘N VERTICAL
tocAtion STRUCTURE OF AFT RIGHT END OF BOMS SAY

L

S3HON - 3070 Td9MY 3TENCQ

or sowe say F1BUTE T3,

oF FORWAND miGHT Eno OF wowe BaY T ig"'Te 75,

3
H
-
-
3
[~
3
i £
£ &
s e}
J z
- e
3 ®
LEL Si-
~ T 1
i35
SiEs 3
iz iy
s .
T g
= .
~N
r~ i
9 v
= -
m..h SIMON(- 3ArL gAY 378700 wo
o X
|9

STh.97C

STA 78%

s 72 to 75, Summary Plots for Indivigqual Vibration Pickups

Figure




o

———— " = =y

Il - FOOL Toew ITETI0

Trvee

FREQUENCY - CPS

s

FREQUEN( ¥

STRUCTURE OF AFT Ri, 17 END OF BOMS BAY

STA 958

Dl ok | ATERAL

Gnacon

gure 77,

Fi

OF AFT RIGHT END OF BOJB BAY

w
>
o
<o
2z
H
.
~

rigure

T

ITA 943

oprs

FREQUENCY
oML oN L s AL

L

FREQUENCY

a tiny

TOCAVON A/C FUSELAGE , MIGKY SIDE STA 1277

Figure 79,

AL FUSELAGE , RIGHT SIDF STA 1009

VATERAL

e

78, .,

Figure

Summary Plots tor Individual Vibration Pickups

Figures 76 to 79,




FREQUENCY - CPS

g tude FIA

£ REQUENCY  LPS

£ OF 910 1 YORAULIC PACK STA 1873

At ON CASi

Figure 81,

Cc Pack STA 1573

910 HYDRAL I

Tk T

o VERTICAL
L. AT % ON CASE OF

v

gure 50,

I3

Sk -

e

f REQUENCY
TN VERTICAL
AT 0N A/C STRUCTURE

\waw LonGERH: BELOW *ic

L ypRANIC PACK STA 1540

"3,

}.‘Mlgliri'

PACK STA 1573

0 ON CALe OF ®1C. YORAW K

o LATSRAL

“at

e

Figure 82,

dividual Vibration Fickups

¥

Summary Flots “or L

Figures 80 to 83,

37




.TH. MR iRt

— SR A ...|+. e

%r. r_.ﬁ,.__”,H ,w.L - p _ﬂ.r..t.lvf 1

ALV

% Raeg - B0 g 37TN00

Toka e R
FREQUENCY - CPS

STt L ATERAL

FREQUENCY - (PS5

TN FA

<40

o AJC STRUCTURE (MAN LONGERON) BELOW ®10
NYDRALLIC PACK STA |

Figure 85,

AATON &/C STRUCTURE (MAIN LONGERON) BELOW ®'.
MYDRAULIC PACK STA 1540

Figure 81

s et

FREQUENCY - CPS
" N VERTICAL

b it

el .Iﬂ. _. e

3FUN - ICC LWy ITBN0O

SmaTmg - WA e 3EN30

FREQUFNCY - (PS

SECTION BELOW COLLINS

aMENT S TA ITI9

N OA/C STRUCTURE N AFT

AN

Fig:ve

T % A/ FUSELAGE RIGMY SIDE STA 1530

o' N LATERAL

Figure 86,

Wi EQUY

Summary Plcts for Individual Vibratior. Pickups

Figures 84 to 87.

38




G aTy

-0
!
>
Q
z
-
3
¥
-

f
H

MOECTioN LATERAL

SECTION GELOW COLLING

RADIO EQUIPMENT STA. 1719

BT )
FREQUENCY - CPS

LOCATION A/ STRUCTURE W AFT

w arr seciow suow couns Figure 69,

A
LOCATION A/C STRUCTY

Figure 88,

SN

- a0 e 3TECD

"
[

-
WER QU RCT

A/C STRUCTURE ADOVE TAL GUNNER'S POSITION,

AFT OF JETTISON POINT STA.1870

e CTHION VERTICAL

LOCATION

Figure 91,

USELAGE, LEFT 300f STA 1010

ERAL

ORECTION LAT
{DCATION A/ F

Figure 90,

Figures 88 to 91. Summary Plots for Individn. ! Vibration Pickups

39




Wbt

pllau

T 2w [

i RN TR W12 H 7 5 |
mﬂﬂu T D

SN - JOOL T ITEN0D

T T MIRTET Y IR T E T T iﬂJll __.I..JW

s J._...-.._JJ == L e il 5

T . H £
N S

Hlu::. I..Iﬁrerr ik

STHTT TR R

A lqlﬁr”””l!llhlﬁﬂuﬁ

h S I D RS SO SN P 0 4 O

i Rt i 228 .\_._,..__n.....ﬁ.

SWETN - JANL N 100

T
FREQUENCY - CPS

OWMECTION LATERAL
LOCATION A/C

[
FREQUENCY -~ CPS

F/A

STRUCTURE ABOVE TAL GUNNER'S POSITION

Figure 93,
AFT OF JETTISON POINT STA. 1970

ORECTION
LOCATION A/C STRUCTURE ASOVE TAR SUNNERS POBITION;,
AFT OF VETTISON POINT $TA.1970

igure 92,

Summary Plots for Individual Vibration Pickups

Figures 92 to 93.

40




